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Abstract. Serious gaming approaches so far focus mainly on skill development, 
motivational aspects or providing immersive learning situations. Little work has 
been reported to foster awareness and decision competencies in complex deci-
sion situations involving incomplete information and multiple stakeholders. We 
address this issue exploring the technical requirements and possibilities to de-
sign games for such situations in three case studies: a hostage taking situation, a 
multi-stakeholder logistics case, and a health-care related emergency case. To 
implement the games, we use a multi-user enabled mobile game development 
platform (ARLearn). We describe the underlying real world situations and edu-
cational challenges and analyse how these are reflected in the ARLearn games 
realized. Based on these cases we propose a way to increase the immersiveness 
of mobile learning games. 
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1 Introduction 
Due to their ability to teach innovatively and to deliver needed skills effectively, 
serious games received a high interest in recent years [1]. Recent investigations into 
educational games focus on the motivational potential and their low-threshold learn-
ing opportunities [2][3] as well as their ability to address various target groups [4][5]. 
The Mobile Learning NETwork’s (MoLeNET) review on learning game technologies 
suggests that mobile learning games provide potential for learning and teaching in 
terms of ‘assessment’, ‘learner performance and skills development’ or ‘social and 
emotional well-being’ [6]. Even though multi-user gaming environments are around 
for many years, little research has been shown to exploit multi-user enabled platforms 
systematically for learning. Approaches available so far mainly concentrate on the use 
of virtual worlds for multi-user games [7][8]. Multi-stakeholder decision situations 
confronted with time restrictions and incomplete information such as emergencies 
have been recognised as a relevant field for specific training approaches involving 
tabletop exercises [9] or (non-computerized) tactical decision training games [10]. 
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First prototypes towards the use of collaborative computer games are also reported 
[11][12]. The systematic use of game platforms is still in its infancies. 
In this paper, we explore the use of a multi-user enabled mobile serious gaming 
platform to a number of immersive, real-world, multi-stakeholder decision training 
situations. We describe three real world situations. For each, we analyse the educa-
tional challenges connected to the training of these situations and describe the game-
design we used to address these challenges.  
The focus of this paper is to explore common requirements for the training of very 
different decision situations and showing their implementation in real-world cases. 
Consequently, we ommit some individual details of the cases, which have been pub-
lished separately for each case (see references below), including first user experienc-
es. The three decision cases we use are: 
1. Cardiac arrest emergency involving bystanders [13]. 
2. Stakeholders in a hostage taking case of a distributed organization [14]. 
3. Disturbances in a complex logistics value chain [15]. 
In the following section we will briefly introduce and motivate the three cases and 
the challenges involved. We will subsequently reflect on related work and derive our 
requirements to support the described educational scenarios. We introduce the tech-
nology used in our cases followed by the game-design applied. Finally, we compare 
the three cases and discuss our findings in the light of upcoming technologies. 
2 Background  
In this section, we highlight background information about the three real world 
cases introduced above and motivate the game-based learning approach. 
2.1 Bystander decisions processes in emergency situations 
Cardiac arrest is one of the main causes of death worldwide. The rate of first-
responder CPR is critical to increase survival rates since the professional medical 
emergency services need approximately 8 – 10 minutes to arrive at an incident. The 
project EMuRgency aims to increase the rate of bystander resuscitation and thus sur-
vival chances by socio-technical innovations. One of these innovations is the use of a 
training game. Traditional training approaches for pre-hospital resuscitation training 
are mostly based on lecture-centric phases in combination with training of motor-
skills on a mannequin in a group-training context. In many European countries this 
training is part of a mandatory first-aid-training before being allowed to get the driver 
license. While this is on the one hand a window of opportunity to train large parts of a 
population in basic resuscitation skills and knowledge from an educational perspec-
tive this training format delivers only short-term knowledge and competence building 
whose retention times is normally not longer than 3 to 6 months [13]. 
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2.2 Hostage taking situation 
The Office of the United Nations High Commissioner for Refugees (UNHCR) 
leads and co-ordinates international action to protect refugees and resolve refugee 
problems worldwide. UNHCR staff often operates in hazardous locations. As this 
organisation is consequently confronted with kidnappings of their co-workers, em-
ployees are trained on how to deal with such situations. The Global Learning Centre 
(GLC) of the UNHCR based in Budapest organizes these trainings. The typical ap-
proach is a workshop organized over a 3-5 day period in which different aspects of 
security risk management are addressed. These workshops cover policy-based infor-
mation, such as standard operating procedures, delivered through self-study pre-E-
learning modules followed by instructor-led workshops. The workshop also includes 
immersive simulation exercises, for example hostage taking, bomb threat and other 
security-related scenarios. 
While for many years a role-playing game has been part of these workshops, run-
ning the game turns out to be an intensive exercise, not only for the participants, but 
also for the organizers and facilitators. As the game is carried out at a rapid pace it 
can be difficult to have an all-inclusive debriefing in which all roles of all teams re-
ceive appropriate feedback. This aspect led to the development of this project, in an 
effort to address this shortcoming. A technology-based alternative for the original 
game should address the following training issues [14]: 
• Enabling the creation of different reusable variations of a game-design for 
emergency security response, covering initially the hostage taking situation and 
potentially other cases. 
• Enabling ‘on the fly’ messaging to participants and real-time assessments of 
activities. 
• Semi-automatic management of the game thus enabling more participants to 
experience the role-playing exercise. 
• Creating a log through the game of responses and interactions, which can be used 
by the trainer to provide feedback during the debriefing session. 
2.3 Decisions in logistical value chain 
In a huge international port, like the Port of Rotterdam, thousands of containers are 
moved every day in and out through several different channels. Different interests 
have to be met during these operations, which are reflected by various stakeholders, 
who are equipped with different responsibilities and partly conflicting goals and who 
have to interoperate: the control tower needs to ensure the overall smooth operation, 
the resource planner is responsible for organizing and assigning the internal port 
personnel, the yard planner is responsible for the storage of containers in the port’s 
internal storage places, the vessel planner is responsible to deliver container to and 
from vessels, the sales manager is interested in customer satisfaction.  
Disturbances (such as delays, malfunctioning machinery, accidents, strikes) may 
cause severe ripple effects resulting in high costs. The situation gets worse, when the 
operating individuals are not aware of interdependencies and conflicting goals.  
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The SALOMO project aims to provide a game-based training solution to create 
shared situational awareness [15] to cope with this situation and to highlight the im-
portance of communication.  
3 Related work 
Decision-making in sociotechnical systems (large technical systems involving 
many stakeholders) is complex and error-prone due to inter-dependencies and lack of 
information [16]. Additional situational information might help to gain shared situa-
tional awareness (i.e. "a common relevant picture distributed rapidly about a problem 
situation" [15]). Therefore it is crucial to understand the role of communication and 
inter-dependencies among stakeholders [17]. 
Several educational theories are related to the goal of embedding learning process-
es into real world application and performance. The anchored instruction approach 
[18] was developed to decrease the problem of inert knowledge through the presenta-
tion of real authentic problems and the active exploration by learners. The theory of 
situated learning [19] is grounded on the assumption that learners do not learn via the 
plain acquisition of knowledge but they learn via the active participation in frame-
works and social contexts with a specific social engagement structure. Learning 
games provide such environments, in which learning processes can be embedded in 
situations similar to real life. They provide realistic problem situations and allow 
players to actively explore solution paths. Multi-user games can also provide the so-
cial context, in which learning takes place. 
Learning games provide an environment, in which learning processes are embed-
ded in situations similar to real life: in her review of immersive games, [20] stresses 
the importance of linking the experiences made in a game, simulation or micro world 
with their application in real world practices. Game-based approaches towards the 
distribution of knowledge for emergency situations can also be found. However, 
many of them focus on the factual knowledge rather than the decision process [21]. In 
the approach presented here, we aim to combine factual knowledge provision with 
decision training. 
The importance of specific training towards fast and process decisions in emergen-
cy situations has been addressed by approaches such as tabletop exercises [9]. To 
improve decision training, specific training games have been proposed [10][22][23], 
in order to put trainees in realistic situations. However, these games are often not 
computerized and thus lack some of the opportunities computer games offer (such as 
autonomous playability, tracking of user decisions and actions, scalability). Also, 
these games often require a human game master to track the game progress 
[24]. Computerized decision training approaches involve immersive virtual reality 
scenarios [25][26], which put the player into a realistically modelled situation or 
agent-based approaches, which aim to model co-player behaviour [27]. While these 
developments deliver single user games, first prototypes have been successfully creat-
ed towards decision training using collaborative games [11] and multi-user mixed-
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reality scenarios [12]. While at first sight the latter looks similar to the approach re-
ported here, it does not rely on a re-usable platform for serious games. 
4 Requirements 
All three cases described share some common attributes. They all involve several 
persons in the decisions, in all three cases decisions need to be taken quickly and in 
all cases decisions have to be taken in a situation of incomplete, misleading or wrong 
information. The different persons involved in the decisions act in different roles, 
which have or require different information. Success can only be gained when the 
different persons involved cooperate. To provide a training environment for these 
scenarios, we derived a number of requirements, which are summarized in this sec-
tion. We are aware, that these requirements not completely describe the necessary 
features of a game platform (such as user interface aspects, interactivity elements, 
game patterns, media support). However, here we focus on requirements relevant for 
multi-user games and decision training. Also, we omit here details of our user-centred 
requirements analysis processes for our cases. More detail on the technical require-
ments can be found in [28], [29], and [30]. Details on our user-centred approach and 
the involvement of stakeholders are published in [14], [15], and [31].  
• (R1) An environment supporting these scenarios needs to be multi-user enabled 
to support the different participants in the educational process. Multiple users 
need to be able to play games together using different devices. Users need to 
have personal views on the game state. Teams shall be supported. 
• (R2) Different roles for different participants need to be supported, individualis-
ing information visibility, tasks, communication, and process steps. 
• (R3) Individual information supply and messages depending on player roles shall 
be possible. Together with (R2), this allows for personalized games according to 
player roles. Games can be organised such that only collaboration leads to suc-
cess. 
• (R4) The game process shall allow interweaving player decisions with game 
events and shall allow semi-automatic game execution. Players shall be confront-
ed with the consequences of their decisions. The game processes designed with 
the platform need to define alternative paths and decision points. 
• (R5) The game process should be supported on mobile devices. Events, notifica-
tions, decisions should use standard channels. This requirement supports the im-
mersive character by staying close to the environment used to the players.  
• (R6) Re-use of games including variations and simple modifications shall be 
possible. While not related to gaming, this supports evolutionary game designs.  
• (R7) The environment should log game activities for later game reviews, debrief-
ings, and the necessary reflection: the game process can be analysed and deci-
sions taken can be discussed. 
• (R8) The environment should offer an immersive game play, which puts the 
player into a realistic scenario. 
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Confronted with these requirements, we decided not to design our games within a 
virtual world but rather aim to provide the games in the real environment. 
5 Technology  
We are designing the training games using the ARLearn-platform. ARLearn is a 
platform for the design of mobile process-based learning games [28]. The platform 
consists of an authoring interface that enables game-designers to bind a number of 
content items and task structures to locations, events, and roles and to use game-logic 
and dependencies to initiate further tasks and activities. The platform has been recent-
ly used for several similar pilot studies in the cultural heritage domain [29]. The 
cloud-based, Google App Engine hosted ARLearn service is an open-source project 
that permits others to reuse and contribute.  
Various kinds of clients connect to this game engine. The Android client allows for 
game play in the real world, while the StreetView-based client (called StreetLearn) 
offers the same game logic a virtual environment [30]. The open architecture of AR-
Learn also allows for new clients to be developed for future applications. An AR-
Learn game is a reusable game logic description, comparable to CSCL scripts, which 
model collaborative learning processes [32][33]. However the ARLearn processes 
explicitly include game patterns [34] such as competition, collaboration, or scoring 
into the process design and thus embed the collaborative learning experience in the 
game context. A game run corresponding to a game defines users grouped in teams. 
While playing, users generate actions (e.g., “read message”, “answered question”) and 
responses. This output is also managed within the realm of a run.  
Looking at other approaches for mobile serious games, we find a few related ap-
proaches. The ARIS platform [35] offers the possibility to author location-based mo-
bile games. While ARIS has been successfully used in several application examples 
[36], it does not support multi-player/multi-role games. QuestInSitu is a mobile learn-
ing platform including authoring which mainly focuses on assessment [37] by putting 
them into location-based contexts. [38] describes an implementation of a team-
enabled mobile gaming platform. The location-based task model allows for linear 
games, where a new task description follows the previous one. In summary, the fol-
lowing motivation guided the decision to use the ARLearn platform to design the 
games for the abovementioned scenarios and the derived requirements. 
• The ARLearn platform is multi-user enabled and supports multiple stakeholder 
roles and teams within one game (R1 & R2). 
• The game process can be individualised according to player roles, so that in-
complete or individual information supply is possible (R3) 
• The event-based game model of ARLearn allows designing realistic game 
processes, which simulate mission critical real-life situations and conditions, 
placed in an augmented reality scenario (R4). 
• Commonly used smartphones (Android, iOS) can be used to play ARLearn 
games, which simplifies game distribution (R5). 
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• The authoring interface allows copying and modifying games, making the cre-
ation of variations easy (R6). 
• ARLearn records user activities and allows reviewing game runs at a later 
stage (R7). 
• The ARLearn platform is location-aware, which allows for realistic game-play 
settings (R8).  
ARLearn supports team play and allows for mixtures of competitive and collabora-
tive games. In the next section we discuss the multi-role-based game-designs, which 
we have implemented with ARLearn to realize the abovementioned scenarios. 
6 Game-design 
In this section, we present the game designs underlying the three cases. In all cases 
the games are organized in a three-phase setup, including an introduction phase, a 
game-phase and a debriefing phase. 
a) Introduction Phase. The introduction phase includes technical setup, expla-
nation of game mechanics, content, rules, and aim. Groups are formed, roles 
assigned and the game is started.  
b) Game Phase. In the game phase, the teams play the game. Each of the three 
cases follows a different game process as described in the following sections.  
c) Debriefing Phase. In the debriefing phase game results, team behaviour, and 
expected outcomes are reviewed. The logging functionality of ARLearn al-
lows analysing individual behaviour and team performance.  
As this paper doesn’t focus on introduction and debriefing the following sections 
describe the game phase of the three cases included in this research. 
6.1 Heart Run game for bystanders in emergency situations 
The main goal of the heart run game is the acquisition of skills and abilities related 
to the Chain of Survival, i.e. (a) to prevent cardiac arrest, (b) to buy time, (c) to restart 
the heart and (d) to restore quality of life. The game-design is oriented on the design 
recommendations for situated learning scenarios. The tasks involved in the game are 
aiming to produce a more authentic context for learners than the typical classroom 
lecture. The game can be played with 2 or 3 players and there are 3 different roles 
foreseen: A CPR player, a player who documents the performance with video record-
ing and an optional player who is responsible to find and get an Automated External 
Defibrillator (AED) to the victim.  
The game is initiated with a notification-message that informs the CPR player that 
a victim is in the direct surrounding of the team. The CPR player starts to identify the 
location of the victim accompanied by the documentation player. During the routing-
phase the stress level of the player can optionally be increased with sounds or visuals 
that represent the decrease of oxygen in the body of the victim. After identifying the 
victim, the CPR player has to perform the steps required in case of a witnessed cardi-
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ac arrest, namely securing of the area, calling for help, controlling the breath and fi-
nally starting cardiopulmonary resuscitation (CPR). The documentation player rec-
ords this process. As an option, the AED player receives the location of a nearby AED 
and has to find the device and bring it to the location of the victim. Here the players 
have to scan a barcode to communicate to the system that the AED has arrived at the 
victim. Now the CPR player and the AED player have to coordinate their action in 
terms of continuing CPR and at the same time preparing the application of the AED. 
The documentation player is responsible for recording the performance in the best 
quality possible. The game is over after approximately 8 – 10 minutes after which the 
emergency medical services arrive. After this the debriefing is organized in two steps: 
First the players conduct a self-assessment based on a comparison between their re-
cording and a gold-standard video. Then the players discuss the results of the self-
assessment with an available tutor. While we have presented here only one round of 
the game the players can change roles and play the game again.  
More detail on the heart run game-design can be found in [31]. Fig. 1 displays 
screenshots of the HeartRun game implemented in ARLearn. The information dis-
played on the screen depends on game state and player situation: only when the player 
is at the right location or takes the right decision, the corresponding instructions are 
shown. 
 
Fig. 1. Screenshots of the HeartRun game: welcome message, decision point, and instructions 
6.2 Hostage taking game 
The hostage taking game is designed to prepare the participants on the response 
procedures to be initiated immediately when a staff member is taken hostage. A Hos-
tage Incident Management (HIM) team is deployed eventually in such situations but it 
can take time till this team arrives and offices need to know how to respond prior to 
their arrival. 
The players participated in this game taking one of the following three roles: head 
of office, security officer and staff welfare member. The hostage-taking simulation 
was designed such that players in all roles play the same game but have to react dif-
ferently based on their roles. The game is organized in 5 rounds. 
Round 1: Notification of the incident. The game starts with a plea for help by Jerry 
Khan, a fictitious UNHCR employee that was taken hostage. This video message 
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features a blindfolded actor and creates an authentic context. This message is broad-
casted to all the roles. Next, players take a decision on what to do next, depending on 
their specific role. The head of office (role A) for instance can decide to “notify the 
Designated Officer (DO)” while a staff-welfare member (role C) should select the 
option to “contact senior management”. Depending on the decision taken, they re-
ceive feedback on whether this is a good choice. 
Round 2: Assembling the team. In the next round, the head of office is informed by 
the DO that a hostage incident management team will be dispatched. In the mean 
time, they need to contact the security advisor (role B) and staff welfare officer (role 
C) and ask them to assemble in headquarters for a planning session. 
Round 3: Planning. When the facilitator observes that the team has assembled, an 
audio recording of the DO requesting the team to work out a reception plan is sent 
out. The team is next tasked to work out this plan on a flip-board and to capture a 
photo of the plan with their device and submit this as soon as they are ready. Next, the 
participants are asked to split up and go to their individual rooms. 
Round 4: Responding. In this round, role A and role C participants are to respond 
to calls from a journalist and a distressed family member respectively. The security 
officer (role B) in the meantime receives a message from the DO with the task to 
prepare a Proof of Life (POL) question. 
Round 5: Negotiating. In this last round, all roles gather together again. This is 
triggered by a message from the hostage takers. In this phase, a negotiation with the 
hostage takers is simulated. The game ends with the message that the Hostage Inci-
dent Management (HIM) team has arrived and is ready to take over the negotiations.  
 
Fig. 2. Screenshots of the hostage game: message overview and task description 
Fig. 2 shows screenshots of the hostage taking game with an overview of messages 
and a detail view of a task description and an audio. 
6.3 Decision game for logistical value chains 
We designed a learning game using the ARLearn-platform. The game is playable 
with five players in pre-defined roles. Per round, players are confronted with the de-
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scription of a disturbance situation, which affects the functionality of the port, e.g. a 
trucker strike. Each player receives a different situation description, depending on the 
role assigned (while e.g. the resource planner knows about the strike, the yard planner 
only receives information about missing personnel). Consequently the players need to 
take decisions according to the individual but incomplete information. Each decision 
may affect the decisions of other players, which is modelled in terms of score impact. 
When all players decided in the current round, the game progresses to the next round.  
Each level consists of five rounds, which are synchronized after each decision. 
Each round gives access to a new situation description individualized for each role. 
While level one of the game isolates the different players completely, subsequent 
levels give access to limited communicative resources. This shall foster the players to 
exchange decision related information in order to create awareness for other player’s 
situation and the overall consequences of own decisions.  
To provide a realistic and immersive scenario, players can potentially play the 
game in separate locations as their mobile devices are synchronised automatically via 
ARLearn. The mobile devices also allow the players to use communication means 
similar to their daily activities.  
 
  
Fig. 3. Screenshots of the SALOMO game: message overview and decision point 
Fig. 3 displays screenshots of the SALOMO game showing communication mes-
sages and decision points. 
7 Comparison 
In this section we compare the three game-designs according to the coverage of re-
quirements listed in section 4 and according to the role-based game design elements 
used. Table 1 summarizes the coverage of the requirements by the three different 
cases. All cases use a multi-player, multi-role game-design (R1, R2). Heart Run and 
the logistics game use the concept of individual information supply (R3), while all 
games use the concept of event-based notifications (R4). The game is played on 
standard mobile devices in all three cases (R5). Variations of the game-design are 
used in the hostage game as well as the logistics game (R6). The logging feature is 
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used in all cases to support the debriefing phase (R7). As opposed to the other two 
scenarios, in HeartRun the game play does not provide immersiveness (R8): especial-
ly, when training goals involve manual operations, players have to switch between 
device interaction and real world activities too often and perceived these necessary 
switches as disruption in the game play. 
Table 1. Mapping of requirements to the game designs 
  R1 R2 R3 R4 R5 R6 R7 R8 
Heart Run x x x x x 
 
x 
 Hostage x x 
 
x x x x x 
Logistics x x x x x x x x 
8 Increasing the Immersiveness: Discussion and Future Work 
From three different real world cases, which cope with complex decision situations 
involving multiple stakeholders, we have derived requirements to model such situa-
tions in a multi-user, multi-role mobile game environment. We have designed multi-
user games for these three cases and realized them in the ARLearn platform, which 
covers (among others) the stated requirements for these training situations. We have 
shown, that the three cases to a large extent rely on the requirements derived, while 
they still vary significantly in the way the game-designs make use of different role-
based features and individualizations ARLearn offers. Consequently, the core contri-
butions of this paper are the requirements gathered for multi-stakeholder decision 
training situations and their application in the developed cases.  
Furthermore, we showed that ARLearn meets these requirements and thus appears 
to be a feasible environment for the design of according games. However, in the 
HeartRun case we where not able to provide a consistent, immersive gaming experi-
ence to our users. This problem motivated us to look for alternative interaction for-
mats, which should not require the players to switch between device interaction and 
real-world activity.  
Technological developments lead to the availability of wearable augmented reality 
glasses such as Google Glass1. Essentially, these devices comprise a wearable head-
up-display, which projects images to the user, sensors detecting user location and 
orientation, network connection, camera, microphone and a touch panel. The device 
can be voice controlled, which allows for hands-free operation. These devices can 
also operate partly autonomously (i.e. react to a user’s real world activity), once a 
specific app is started.  
Consequently, we started to develop a new ARLearn client for Google Glass, com-
plementing the existing mobile and web-based clients. The core idea of this client is 
to present events and messages caused by the game in the timeline of the player, al-
lowing her to read messages, watch instruction movies or listen to event audios as part 
                                                            
1 http://www.google.com/glass/start/ 
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of the game play (compare Fig. 4). The information displayed on the screen is semi-
transparent and the real world is still visible to the user. 
 
 
Fig. 4. Screenshots of the HeartRun game prototype for Google Glass 
This way, the game play is not interrupted and players do not have to switch be-
tween device interaction and real world activity. Instructional videos, audio messages, 
or any other information can be received and watched even during performance of 
any real world activity (such as performing CPR to a training mannequin while 
watching the video how to it).  
Our aim is to continue the developments of this ARLearn client in order to allow 
for full game interaction based on hands-free operations and pro-active information 
display via Google Glass. We believe, that we can provide a fully immersive game 
experience, which combines real world activities with game-play interactions in an 
augmented reality environment. 
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